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J\&m<& o6biKHOBeHHbiH MaTeMaTiiHecKiiii MaaTHHK o6jia,n,aeT paflOM HHTepecHbix h cpyHflOMeHTajib- 
hbix cbohctb, nosTOMy oh aBJiaeTCa nonyjiapHbiM npiiMepc-M fljia npHMeHeHHa KaK aHajiHTHHecKHX, 
TaK h ^HCjieHHbix MeTOflOB. Eme 6ojiee HHTepecHbiMH CBoiiCTBaMH o6jia,naeT paccMaTpHBaeMbrii hm- 
?Ke MaaTHHK KanHHbi. ,H,Jia Hero BbipaaceHHe TOiHoro aHajiHTHnecKoro penieHHa HeraBecTHO, ho 
bo3mo>kho HaiiTH MHCJieHHoe penieHHe npn noMOiHH HHCueHHoro MOflejinpoBaHHa. TaKJKe nojiyieH- 
Hbie pe3yjibTaTbi mojkho cpaBHHTb c HeKOTopbiMH npeflejTbHbiMH cjiyiaaMH, fljia kotopmx H3BecTHO 
penieHHe. 
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I. BBEAEHHE 

MasTHiiKOM KanHHbi Ha3biBaeTCH ciiCTeMa, cocTOHinaH H3 rpy3HKa, npHKpenjieHHoro k jierKofi HepacTHJKHMOii cnn- 
ne, KOTopaa KpenHTCH k BH6pHpyK>meMy no/n^ecy. MaaTHHK hocht hmh aKaneMHKa 11 Ho6ejieBCKoro jiaypeaTa II. Jl. 
Karminsi, nocTpoHBinero b 1951 r. Teoprno rjih onucaHHH TaKofi chctcmbi P, B npe^ejie HenoflBKstHoii tohkh uop,- 
Beca, MO^ejib nepexo/niT b o6i.iHHi.iii MaTeMaTHnecKHii MaaTHHK, pjisi KOToporo hmciotch flBa nojiojKeHHa paBHOBecHH: 

B HH>KHeli TOHKG H B BepXHefi TOHKC IIpH 3T0M paBHOBeCIie MaTCMaTHHGCKOrO MaHTHHKa B BepXHefi TOHKe HBJIHeTCH 

HeycToiiHHBOM h jno6oe ckojib yro^HO Majioe B03MymeHiie npHBO/n-iT k noTepe paBHOBeena. 

yAHBHTejibHofi oco6eHHOCTbio MaaTHHKa KanHHbi aBjiaeica to, hto BonpeKii HHTyniniH nepeBepHyToe (BepTHKajib- 
Hoe) nojiojKeHHe MaaTHHKa mojkbt 6biTb ycToiiHHBbiM b cjiynae 6biCTpbix Bn6paHHH no,a,Beca. XoTa Taxoe Ha6jiiofleHHe 
6mjio CflejiaHO eme b 1908 r. A. CTeepeHCOHOM Q, b TeneHHH ^jiHTejibHoro BpeMeHH He HMejiocb MaTeMaTHHecKoro 
o6i.HCHeHHH npHHHH TaKoii ycToiiHHBOCTH. II. Jl. KanHua noflpo6HO SKcnepuMeHTajibHO HCCjieflOBaji TaKoii melsthhk , 
a TaK ace nocTponji TeopHio /niHaMHHecKoii CTa6HjiH3aHHH, pa3,n;ejiaa ^BH»ceHiie na «6biCTpbie» h «MefljieHHbie» ne- 
peMeHHbie h BBe,n,a acpcpeKTHBHbiii noTeHiniaji HHHOBanHOHHaa pa6oTa II. Jl. KanHHbi, ony6jiHKOBaHHaa b 1951 

ro,a,y, OTKptijia HOBoe HanpaBjienne b cpH3HKe — BH6paHiiOHHyio MexaHiiKy. MeTOfl II. Jl. KanHHbi Hcnojib3yeTca .zyia 
onHcaHHH KOJie6aTejibHbix npoueccoB b aTOMnoii <pii3HKe, <pii3HKe njia3Mbi, KH6epHeTHHecKoii (pH3HKe. 3<pcpeKTHB- 
Hbiii noTeHiniaji, onHCbiBaioiHiiii «Me/yieHHyio cocTaBjiaioiHyio flBH»ceHHa:», onucbiBaeTca b TOMe « MexamiKa » Kypca 
TeopeTunecKoii <pii3HKH Jl.fl. JIaHflay[J|. 

MaHTHHK Kannnbi HHTepeceH eme h TeM, hto b TaKoii npocToii CHCTeMe mojkho Ha6jno,n,aTb napMeTpnnecKHe pe30- 
HaHCbi, Korfla Hiisaiee nonosceHHe paBHOBecHa He aBjiaeTca 6ojibine ycToiiHHBbiM h aMnjiHTyn,a Majibix otrjiohchhii 
MaaTHHKa HapacTaeT co BpeMeHeM [6j. TaKsce, npn 6ojibinoii aMnjiirryn,e BbiHyjKflaroinnx KOjie6aHHii b CHCTeMe MoryT 
peajiH30BbiBaTbCH xaoTHnecKne pejKHMH, KOiyja b (pa30B0ii KapTime CHCTeMbi noaBjiaiOTca CTpaHHbie aTTpaKTopbi. 

II. OE03HAHEHH5I. 

HanpaBHM ocb y BepTiiKajibHO BBepx, a ocb x ropraoHTajibHO, TaK hto6m njiocKoe flBHJKeHiie MaarHHKa nponcxo/nijio 
b njiocKOCTH (x — y). BBe^eM o6o3HaHeiinH. 

• v — HacTOTa BbiHyjKflaiomHx BepTHKajibHbix rapMOHnnecKHx KOjie6aHHfi noflBeca, 

• a — aMiuiHTyfla BbrayjKfleHHbix KOjie6anHii, 

• ujq = \fgjl — co6cTBeHHaH iacTOTa KOjie6aHHii MaTeMaTHHecKoro MaaTHHKa, 

• g — ycKopeHHe CBo6o/i,Horo na^eHHa, 

• I — fljiHHa jierKoro CTepjKHH, 

• 77i — Macca rpy3HKa. 



y 




Phc. 1. CxeMa MaaTHHKa. 

Ecjih yroji MejK^y CTepjKHeM h ocbio y o6o3HaHHTb KaK ip (cm. Phc. [1}, to 3aBHCHM0CTb KOopflnnaT rpy3HKa ot 
BpeMeHH 3anHHieTca cjieflyiomHMH cpopMyjiaMHt 

J x = I sin ip , . 

\y — — I cos ip — acosvt ^ ' 
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Phc. 2. TpaeKTopiia MaTeMaTHiecicoro MaaTHHKa. rioKaaaHBi flBa xapaKTepHbix cjiynaa: (a) E > mgl (6) E < mgl. 

III. 3HEPrH5I MAilTHHKA 

noTeHiniajibHaa SHeprHH MaaTHHKa b nojie tsjkccth 3aflaeTCH nojiojKeHHeM rpy3HKa no BepraKajiH y, KaK 

Epot = —mgil cos + a cos j/i) . (2) 

Z^JIH KHHeTHHeCKOH 3HGprHH HM6CM 

TTh , . n • 9 \ Tit / / , • \ 9 / 1 • • • S 2 \ 

Erin = ~W\ X + 2/ / = "2"'' cos V W + (' siny? + ai^ sin z/t) J = 

ml 2 . 2 . . . ma 2 v 2 . 2 
= — — ip + malv sinvt siniy9 </H — sin ut (3) 

IIojiHaH SHeprna ^aeTCH cyMMOii khhcthhcckoh h noTeHnajibHoii SHeprnii 

E = Ekin + Epot j (4) 

a jiarpamKHaH chctcmm hx pa3HOCTbK> 

mZ 2 . 2 . . . ma 2 v 2 2 
L = Ekin — Epot = ~^~ L P + malv sin sin <p <p -\ — sin vt + mgyl cos tp + a cos i/i) . (5) 



IV. yPABHEHHE ABHXEHHfl. 

YpaBHeHiiH ^BHJKeHHa TaKoii chctcmbi yflOBjieTBopaiOT ypaBHeHHHM 3njiepa — JIarpaHJKa. OTcro^a Hait^eM ypaB- 
HeHne fljia 3aBHCHMOCTH cpa3Bi MaaTHHKa ip ot BpeMeHH h TaKHM o6pa30M onpoe/i,ejiHM nojiojKeHne rpy3HKa no (pop- 
Myjie JTJ). YpaBHeHiie 3fijiepa — JIarpamKa ^jih cpa3t>i MaaTHHKa Bbuvra/niT cjieflyioiHHM o6pa30M: 



(G) 



d dL _ dL 
dt d>p dip 

Hcnojib3yH (popMyjiy ([5]) bbihhcjihm Te npoH3BO/nn>ie, KOToptie HcnojiB3yiOTCH b stom BbipajKeHHH: 

^— = ml 2 tp + malv s'mvt sin tp (7) 

dip 

dL 

= malv gin. ut cos<^ ip — mgl sirup . (8) 

B3hb nojinyio npoH3BOflHym no BpeMeHH ot ([7]) h noflCTaBHB b ^ nojiyHHM: 

ml 2 ip + malv 2 cosvt sinip + malv sin^i cosipip^malv sini4 cos <p ip — mgl sin ip . (9) 
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Phc. 3. 3aBHCHMOCTB KOopflHHaTbi y ot BpeMeHH fljia MaaTHHKa KanHHBi, a — 0.1m, ip — 50 pa/j/ceK. (a) v = 50 Hz HanajiBHaa 
<pa3a tp = fljia HiiJKHero nojio>KeHHe MaaTHHKa h y> = n fljia BepxHero nojioaceHHa (6) v = 25 Hz, tp = it. OcTajiBHBie 
napaMeTpBi MaaTHHKa yKa3aHBi b TeKCTe. 




4005 O.0S -0 04 -0 02 02 0.04 -0 04 -0 02 02 04 

xxx 



Phc. 4. nopTpeT chctcmbi b KOopflHHaTHOM npocTpaHCTBe fljia MaaTHHKa KanHHBi b (a) b jiOKanBHOM (BepxHeM) MHHHMyMe, (6- 
b) rjio6ajiBHOM (hhjkh6m) MHHHMyMe. BBiHyjKflaK3Hi,aa lacTOTa v MHoro 6ojiBrae (a), (6) hjih nopaflKa (b) co6ctb6hhoh nacTOTbi 
MaaTHHKa ojq- 



CoKpaTiiB o/i,HHaKOBbie cjiaraeMbie h noflejiHB npaByio n jieByro nacTH Ha ml 2 nojiynnM HCKOMoe /n^cpepeHiniajiBHoe 
ypaBHenne, oniicbiBaioiHiie 3bojiiohhio 4>a3bi MaaTHHKa 

aiy2 9 
ip = — cosvt simp — — simp . (10) 

Otmcthm, hto ypaBHeHHe (|10[) HejiHHenHO H3-3a HajinnHH b HeM MHO>KiiTejiH sin If. 



V. HHTErPHPOBAHHE yPABHEHHfl flBH^EHHil. 

IlpHBefleM ypaBHeHHe flBusceHHH (|10[) k yflo6Hoft fljia HHTerpnpoBaHHH (popMe. J^jisi SToro o6o3HanHM nporoBOflHyio 
ot <pa3Bi no BpeMeHH o6o3Ha T niM KaK ip = ip. Tor,a,a flaHHoe flHepcpepeHiniajibHoe ypaBnenne, coflepscainee BTopyio 
npon3BOflHyio, CBefleTCH k chctcmc flH(pcpepeHii,HajibHbix ypaBHeHHii, coflepjKam,nx TOjibKO nepBbie npoii3BO,inibie. 

<P = $ (u] 
ip = -(^ co&vt + f )sin^ 1 ' 



3t& CHCTeivia HHTerpiipoBajiacb hbhbim MeTO,a;oM Pynre-KyTTbi. 
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VI. nOJIOaCEHHil PABHOBECHil. 

Moflejib iiaaTHHKa KanHHbi aBjiaeTca 6ojiee o6meH, neM MO^ejib MaTeMaTHnecKoro MaaTHHKa. nocjie/niaa nojiyna- 
ctch b npe^ejibHOM cjiyiae a = 0. Oa30Bbiii nopTpeT MaTeMaTiinecKoro MaaTHHKa xopoino H3BecTeH. Ha KOop/niHaTHOft 
njiocKOCTH 3to npocTO OKpyacnocTb x 2 + y 2 = I 2 = const. Ecjih b HanajibHbiH momcht BpeMeHH SHeprna MaaTHHKa 
6bijia 6ojibnie, neM MaKCHMyM noTeHiniajibHoii SHeprun E > mgl, to TpaeKropna 6yj\eT 3aMKHyT0ii h iniKjinnecKOH , 
k&k Ha Phc. [5^. Ecjih jke SHeprna MaaTHHKa 6bijia MeHbine E < mgl, to oh 6yn,eT coBepniaTb nepnoiiHHecKHe KOjie- 

6aHHH OKOJIO e^HHCTBeHHOit yCTOHHHBOH TOHKH paBHOBeCHH (CM. PhC. [2J5) C HaHMeHBIHHM 3HaHCHHGM nOTeHHIiajIbHOH 

SHepniH x = 0,y — — I. B cjiynae MaTeMaTHnecKoro MaaTHHKa nojraaa SHeprnn chctgmbi He MeHaeTca. 

Tenepb paccMOTpiiM cjiynafl a =/= 0. CncTeMa Sojiee He aBjiaeTca 3aMKHyroli h ee nojraaa SHeprna mojkct H3Me- 
HHTbca. Ecjih npn stom, nacTOTa BtmyjKflaioiHHx KOjie6aHHH v MHoro 6ojibnie nacTOTbi co6cTBenHbix KOjie6aHHii uq, 
to TaKofi cjiynafi mojkho npoaHajiH3HpoBaTb aHajiHTHnecKn. 0Ka3biBaeTca [l|, 0|, hto ecjin bbccth 3(p(peKTHBHbiH 
noTeHiniaji, b kotopom flBHJKeTca MaaTHHK (Me/i,jieHHO OTHOCHTejibHO nacTOTbi v), to 3tot noTeHiniaji HMeeT jjBa jio- 
KajibHbix MHHHMyMa — OflHH, KaK ii paiibHie b HHJKnen TOiKe (0, —I), a jrpyroii b BepxHeii tohkc (0, /). To ecTb TOHKa 
(0, 1) a6cojiiOTHO HeycTOHHHBoro paBHOBecna fljia MaTeMaTHnecKoro MaaTHHKa, MO»ceT OKa3aTbca tohkoh ycToiriHBoro 
paBHOBeCHH iijia MaaTHHKa KaniiHbi. 

• flJIHHa / = 1 M 

• Macca MaaTHHKa m = 1 Kr 

• aMnjiHTy^a KOjie6aHHii noflBeca a = 0,1 m 

• nacTOTa BbiHyxflaroinirx KOjie6aHHH v = 50 paji/ceK 

• 3HaHeHHe npoH3BO,zniOH no BpeMeHH ot <pa3bi b HanajibHbiH momcht ip 

• ycKopeHHe CBo6o,i];Horo najreHiia g = 10 m/cck 2 

IIpH TaKHx 3HaHeHHHx napaMeTpoB y MaaTHHKa HefloCTaTOHHO SHeprnn HTo6bi yitTH H3 jiOKajibHoro MHHHMyMa, 
o/niaKO npn nacTOTe KOjie6aHHii nojrseca paBHoii 25 pa^/ceK peajiH3yeTca cjiynaii c yxojrpM, noKa3aHHbiii Ha Phc. |3}5. 



VII. CJIYHAH MAJIOH BblHyjKAAIOmEH HACTOTbl H EOJIbHIOH AMIIJIHTXZJbl 

H3BecTHbi aHajiHTHHecKHe pemeHHa TaKOH sa^ann npn 6ojii>hhix 3HaieHHax v 3> loq h Majibix BejiHHHHax a <C 
I. OflHaKO, npn OTKa3e ot sthx orpaHiiHeiniH, MaTeMaTHnecKoe paccMOTpeHHe stoh 3aflanH CTaHOBHTca cjihhikom 
cjio>KHbiM. IIpaKTHHecKH eji,HHCTBeHHi>iM cnoco6oM pemeHHa b o6meM cjiynae HBjiaeTca nncjieHHoe HHTerpnpoBaHHe 
ypaBHeHiia (JT0J) . PaccMOTpHM, KaK Bbirjia^HT nopTpeT chctcmbi b KOop^HHaTHOii njiocKOCTH. XapaKTepnaa KapTHHa 
iijia 6ojii>hihx 3HaHeHHfi nacTOT v H3o6pajKeHa Ha Phc. 0^.. riapaMeTpbi MaaTHHKa KaniiHM TaKHe >Ke, KaK h Ha 
Phc. [3ji. MaaTHHK HaxojriiTCH b jiOKajibHOM MHHHMyMe. 3/i,eci> nacTOTa v rapMOHHnecKHx KOjie6aHHii no^Beca aBjiaeica 
6ojibiHOH no cpaBiieiiHio c co6ctbchhoh nacTOTOit MaTeMaTiinecKoro MaaTHHKa loq , nyTb rpy3HKa HMeeT BbipajKeniibic 
KOjie6aHiia no BepTHKajibHOMy HanpaBjieHHio. 

06paTHaa cnTyan,na, Korji,a nacTOTa BbiHyjKji,aioni;Hx KOjie6aHiiii MeHbnie ujq H3o6pajKena Ha Phc. 2j5 (b flamiOM 
cjiynae v = 0,1, ocTajibHbie napaMeTpbi TaKne >Ke, KaK h Ha Phc. |3]). llpn TaKHx 3HaneHHax napaMeTpoB KOjie6aHiia 
nponcxoflaT npeHMym,ecTBeHHO b ropii30HTajibHOM iianpaBjieHnn. 

TpaeKTopiin ji,jia npoMexcyTOHHoro cjiynaa v = 1 npeflCTaBjieHbi Ha Phc. |4^. 3/i,ecb nacTOTbi sthx flByx KOjie6aHiiii 
C0H3MepHMbi, nosTOMy npaMbie ynacTKH nyTH pacnojiaraiOTca nofl HaKjiOHOM. 

HHTepecHbie cpa30Bbie nopTpeTbi MoryT 6biTb nojiyneHbi iijia oGjiacTeii 3HaHeHHfi napaMeTpoB, He^ocTynHbix iijia 
aHajiHTHnecKoro paccMOTpeHHH, HanpHMep b cjiynae 6ojibnion aMnjiHTy^bi KOjie6aHiia noflBeca a w I. Ecjih yBejiHHHTb 
aMnjiHTy^y BbiHy»cji,aioin,Hx KOjie6aHHit pp nojiOBHHbi ajihhh MaaTHHKa a = 1/2, to nojiyHHTca KapTHHa anajiornHiiaa 
toh, KOTopaa H3o6pajKeHa Ha Phc. [SJi (y SToro MaaTHHKa nacTOTa v = 35 Hz, yroji HanajibHoro OTKjiOHeHHa ip = 
7r/2). npn ^ajibHeftnieM yBejiHneHHH aMnjiHTyn,bi a (Ha^innaa ot 3HaneiiHa a = I), Bee BHyTpeHHee npocTpaHCTBO 
HaniiHaeT «3aMa3biBaTbca» nojmocTbio, T.e., ecjin paHee He Bee BHyTpeHHHe tohkh KOop^iiHaTHoro npocTpaHCTBa 
6bijni ,n;ocTynHbi, to Tenepb ciiCTeMa mojkct no6biBaTb b jiio6oh tohkc. 3to xoponio BHflHO H3 Phc. [5J5 (a = I, v = 10 
Hz, tp = 7r/4). OHeBHflHO, hto flajibHefimee yBejinneHHe jijniHbi a npHHn;iiniiajibHO 6ojiee He H3MeHHT KapTHHy. 



= 0,1 pa^/ceK 



Phc. 5. ITopTpeT CHCTeMbi b koop^iih&thom npocTpaHCTBe fljia MaaTHHKa Kaniiubi npa 6anbiiiOH aMnjiHTy^e BbiHy>KflaK)in,Hx 
KOjie6aHHii. ITapaMeTpbi MaaraHKa npnBe,n,eHbi b TeKCTe . 




Phc. 6. XapaKTepHbie 3aBiiciiMOCTii noTeHiniajibHoii SHepriiii Epot (cnjioiiiHaa jiiiHiia) h KHHeTii^iecKOH SHepriiii Ekin (nrrpux- 
nyHKTiipHaa jiimiia) ot BpeMeHH fljia (a) MaTeMaTHiecKoro MaaTHiiKa, (6) MaaTHiiKa Kanimbi. 



VIII. KHHETHHECKAS H nOTEHI^HAJIbHAfl 3HEPrHH. 



JXps. McLTeMciTii^iecKoro MaHTHHKa nojiHaa aHeprna HBjiaeTCH coxpaHjnomeHCH BejiHHHHOii, noaTOMy KHHeTHnecKaH 
SHeprHH Epot h noTeHn,HajibHas snepriiH Ekin na rpacpHKe hx 3aBHCHM0CTii ot BpeMeHH t (Phc. [SJi) CHMMeTpniHbi 
OTHOCHTejibHO ropH30HTajibHoil npHMOfi. J^jir Majibix aMnjiHTyfl KOjie6aHHii (KOjie6aHHH nponcxo/yiT y rjio6ajibHoro 
MHHHMyMa, h MaHTHHK HHKor/i,a He flejiaeT nojiHbiii noBopoT). H3 TeopeMti BHpnajia cjieflyeT, hto cpeflHHH khhbth- 
HecKaa h noTeHiniajitHas: SHepniH paBHbi. B stom cjiynae ropH30HTajibHaa npaMaa, OTHOCHTejibHO KOTopoit HMeeTCH 
CHMMeTpiiH Ekin h Epot, cooTBeTCTByeT nojiOBHHe nojiHoii SHeprnn (cm. Phc.UJi). Ecjih ,n,o6aBHTb KOjie6aHHH no,n,- 
Beca, a ^ 0, to nojiHaa SHeprna 6ojibine He 6yn,eT coxpaHHTbCH h chmmctphh 6ojibnie Ha6jHO,ii;aTbca He 6yneT. TaKoii 
cjiynafi pjin MaaTHHKa c napaMeTpaMH a = 0,1 I; v = 20 H3o6pa:»ceH Ha Phc.[S}5. Bh/hto, ^tto KHHeTHnecKaa SHeprna 
HBjiaeTCH 6ojiee nyBCTBHTejibHOii k BbrayxflaioiHHM K0jie6aHHHM, neM noTeHiniajibHas:. Otmcthm, hto noTeHiniajibHas: 
SHeprna Epot — mgy orpaHHneHa xax CBepxy, TaK h CHH3y —I — a < Epot < f + a, b to BpeMH Kax KHHeTHnecKaa 
SHeprna orpaHH^iena tojibko CHH3y Ekin > 0. IIpH 6ojibniHx 3HaneHHHx HacTOTbi v, KHHeTHnecKaa SHeprnn mojkct 
6mtb mhoto 6ojibnie noTeHiniajibHOH. 



IX. 3AMEHAHHa O TOMHOCTH MHCJIEHHOrO PEUIEHH5I. 



HncjieHHoe HHTerpnpoBaHHe flHcpcpepeHHHajibHbix ypaBHeHiiii o6jia/iaeT 6ojibHiiiM npcHMymecTBOM nepe/i, aHajiHTH- 
necKHM HecjieflOBaHHeM. A hmchho, HiicjieHHMH noflxofl no3BOjiaeT OTpenbca ot paccMOTpeHHH nacTHbix, 6ojiee y3KHx 
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10.0058 
1 0.0056 
1 0.0054 
1 0.0052 
E 10.005 
10.0048 
10.0046 
10.0044 
10.0042 



Phc. 7. XapaKTepHbiii bha 3aBHCHMOCTB nojiHoii SHeprnn MaTeMaTHHecKoro MaaTHHKa npH hhcjichhom MOflejiiipoBaHUH. 

cjiynaeB h iiaeT bosmojkhoctb paccMaTpiiBaTb CBOHCTBa chctcmbi b 6ojiBinoM jxnanasoHe napaivieTpoB. OflHaKO, 3a Bee 
npiixoflHTca njiaTHTb, h ManiHHHoe HHTerpiipoBauHe He HBjiaeTCJi cboGojxhmm ot HefloCTaTKOB. TjiaBHtiM HefloCTaTKOM 
HBjiaeTCH B03MO?KHOCTb HaKonjieHHa 6ojii.moH BbiHucjiHTejibHOH ohih6kh. B pajre cjiynaeB 3Ta oninGKa mojkct fla»ce 
nojiHOCTbio norjiOTHTb npaBHjibHoe peineHHe, h nojiyneHHaa: KapTima He 6ya,eT hmctb HHnero oGmero c peajibHOCTbio. 

IIpoHjijiiocTpHpyeM HajiHHHe B03pacTaK>meH ohih6kh cjiejryioiHHM o6pa30M: paccMOTpHM MaTeMaTiinecKHH MaaT- 
hhk. Ero nojiHaa SHeprna flOjiJKHa 6bitb BejiHHHHOft hoctohhhoh. IIpoMO/jejiHpyeM ero H3JiojKeHHbiM Bbinie cnoco6oM. 
nojiyHeHHbie pe3yjibTaTbi npeflCTaBjieHbi Ha Phc. [7^, KaK bh^ho nojiHaa SHeprna b stom KOMnbiOTepHOM aKcnepn- 
MeHTe yMeHbniaeTCH co BpeMeHeM. B flaHHOM cjiynae tohkoh, flaroiHeii HaH6ojibniHH BKjia,n; b norpeniHOCTb, hbjihctch 
TOHKa npoxojKfleHHH MHHHMy Ma . Ha KOopflHHaTHOii njiocKOCTH BMecTO OKpyjKHOCTH nojiynaeTCH cnnpajib, Mefljicmro 
cxcflHmaacs k Hempy. TaKHM o6pa30M, Hy>KHO 6bitb KpaiiHe octopojkhmm npn hhcjichhom MOflejiHpoBaHHH h jijih 
nojiyneHHii jrocTOBepHbix pe3yjiKraTOB Heo6xojxHMO tohho 3naTb, OTKya,a B03HHKaeT norpeniHOCTb h KaK ee mojkho 

yMeHbHIHTb. 




X. HHTEPECHblE OAKTbl 



• KaK OTMe^iaji IT. Jl. Kannua, MaaTHHKOBbie nacbi Ha BH6pHpyiomeM ocHOBaHHii Bcerjia cnemaT. 

• B Kopnflope HHCTHTyTa cpH3HHecKHx npo6.iieM CTOHjia pa6oTaiomafl MO^ejib MaaTHHKa Kanimbi, h jho6oh »ce- 
jiaioiHHH Mor boothhk) y6efliiTbCH, KaK npn ee bkjhoh6hhh MasTHHK noflHHMajica h ocTaBajica b BepTHKajibHOM 

nOJIOJKeHHH. 

• MeTO/i, pa3flejieHHH nepeMeHHbix 6biji pa3pa6oTaH II.JLKanHH,e:ft bo BpeMH pa6oTbi Ha^ BbicoKonacTOTHbiM reHe- 
paTopoM «HHroTpoHOM», Ha3BaHHbiM TaK no MecTy HCCJie/i,OBaHHH y ce6a Ha ^ane Ha Hhkojihhoh Tope, JXjik Toro 
hto6m He 6bijio npo6jieM c «ceKpeTHOCTbio» npn ny6jiHKaHHH MeTO/ja, II. Jl. Kannua npn/ryMbiBaeT npocTyio 

CpH3HHeCKyiO MOflejIb, K KOTOpOH 6bIJI 6bl npilMCHHM 3TOT MeTOfl. TaKHM 06pa30M, nOHBJIHIOTCH CTaTbH 0, 0| 

npo MaaTHHK c BH6piipyioiHHM no/raecoM. 

• B H3MeHeHHOM BapnaHTe II. Jl. Kannua npe^jiaraji peniHTb 3aflany nocTynaioiHHM k HeMy b acnnpanTypy. Tpe- 
6oBajiacb yKa3aTb ycjiOBne ycTOHHHBOCTii aKpo6aTa Ha jjpcKe, nanojKeHHOH Ha nnjinHflp, jiejKaiHnii Ha 6oKy. 
OiKHflaeMbiii otbct 6biji, hto ecjin aKpo6aT HanHHaji 6biCTpo nepecTynaTb HoraMH, to ero nojiojKeHne CTaHOBH- 

JlOCb yCTOHHHBblM. 

• IIpH xojjb6e ycToiiuHBOCTb Tejia yBejinnnBaeTCH b hbckojibko pa3 no cpaBHeHHio c ycTonnnBOCTbio npn ctohhhh. 
3tot SnoMexaHinecKHH cpeHOMeH ,n,o HacToainero BpeMeHH He H3yneH. CymecTByeT rnnoTe3a, KOTopaa o6t>- 
HCHHeT ycTOHHHBOCTb Tejia npn xoflbGe KOjie6aTejibHbiMH flBiDKeHiiHMH neHTpa rojieHOCTonnoro cycTaBa. Tejio 
nejiOBeKa npeflCTaBjiaeTCH c no3HHHH nepeBepHyToro MaHTHHKa c ueHTpoM b o6jiacTH rojieHOCTonHbix cycTa- 
bob. KOTopbift npno6peTaeT ycToiiHHBOCTb b BepTHKajibHOM nojio»ceHHH, ecjin ero n,eHTp coBepniaeT KOjie6aHHe 

BBepX-BHH3 C flOCTaTOHHO BblCOKOH HaCTOTOH (liiaaTEEK KanHH,bi) . 
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XI. SAKJTKD^EHHE. 



HxaK, b STOfl paSoTe paccMOTpeH mrsthhk Kaniiiibi, npeflejibHbiM cjiynaeM KOToporo HBjiaeTca MaTeMaTiiHecKiiii 
MaaTHiiK. 3anHcaHbi BbipajKeHiia pjin noTeHiniajibHoii h KimeTHHecKoii SHeprciii. ITpiibo^htch BbiBOfl ypaBHeHira /ibh- 
jKeHHH MaaTHHKa bo BpeMeHH, KOTopoe peinajiocb hhcjichho hbhbim MeTO/jOM PyHre-KyTTti. HHCJieirao noKa3aHO, 
hto MaaTHHK Kaniiiibi o6jia,ziaeT flByMH ycToiroiBbiMii ncuiojKeHHHMH, hto Haxo/iHTca b corjiacHH c Teopiieft. TaK 
>Ke paccMOTpeHM cjiy^aH, fljia kotopmx tohhog aHajiHTHHecxoe peniemie He h3bcctho. 06cyjKflaiOTCH floCTOHHCTBa h 
He/i,ocTaTKH aHajiHTHnecKoro h MainiiHHoro cnoco6oB peiHeHiiii /picpdpepeHiniajibHbix ypaBneHiiii. 
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A driven pendulum with vertical oscillations of pendulum support (Kapitza 
pendulum) possesses a number of unusual properties and is a popular object 
of both analytical and numerical studies. Although some spectacular results 
can be obtained, such as the vertical position of the pendulum under 
certain conditions might become stable, no explicit analytical solution for the 
pendulum trajectory is known. We carry out a numerical study of Kapitza 
pendulum for a number of different physical regimes. Comparison is made with 
the limiting cases where the exact solution is known. 



